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© Use of vip, analogues and fragments thereof for the treatment of neurodegenerative diseases. 



® Use of a peptide selected from the group consisting of: 
(i) vasoactive intestinal peptide (VtP); 

(li) analogues of vasoactive intestinal peptide (VIP) in which one or more amino acids has been replaced, 
added or deleted without substarttially altering the biological properties of the parent peptide 

(iii) a conjugate being a peptide according to either of (i) and (ii) coupled to a lipophilic moiety; * 

(iv) a physiofogicaily active fragment of (i), (li) and (iii); and 

(v) a functional derivative of any of (i). (ii). (iii) ^"d (iv) for tiie preparation of a medicament for the treatment of 
neurodegenerative disease. 
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The invention concerns phannaceutical compositions for the treatment of neurodegenerative diseases, 
comprising as an active component vasoactive intestinal peptide (VIP) or analogues* derivatives and 
fragments thereof. 

Neurodegenerative diseases in which neuronal cells degenerate bring about a deterroration of cognitive 
5 functions. A variety of diseases and neurological deficiencies may bring about the degeneration of neuronal 
cells among them Alzheimer's disease. Huntington disease or chorea, hypoxia or ischemia caused by 
stroke, ceil death caused by epilepsy, amyotrophic lateral sclerosis, mental retardation etc., as well as 
neurodegenerative changes resulting from aging. 

Vasoactive intestinal peptide (VIP) is a 28 amino acid regulatory peptide which exhibits neurotransmitter 
70 and hormonal roles, VIP has a discrete distribution in the central nervous system (CNS), with highest leveis 
in the cerebral cortex, hypothalamus, amygdala and corpus striatum. Accumulated evidence suggest the 
involvement of VIP in a multitude of neuronal functions among them: changes in membrane potential, 
modulation of muscarinic excitation, promotion of survival of electrically blocked neurons^^^ maintenance of 
neural integrity^\ development of neonatal behavior in rats^\ rescue from neural death caused by HIV 
75 envelope protein. A VIP-receptor antagonist caused spatial learning impairment in rats which was attenuated 
by co-treatment with VIP, indicating a possible role for VIP in the process of learning^'*^ 

There is conflicting evidence concerning the role of VIP in dementia in general and in Alzheimer's 
disease in particular. A large body of evidence suggests no such involvement. Rosor et aL found no 
changes in VIP in cerebral cortex of brains obtained from patients suffering from senile dementia of the 
20 Alzheimer types as compared to controfs^^. Other investigators found no variance in VIP measurement 
between Alzheimer's patients and controls^*^*^ and no correlation was found between the degree of 
dementia and the concentration of VIP in the cerebrospinal ftuid^^ 

In contrast a study of tmmunoreactivity of VIP in Alzheimer's and control brains showed a significant 
reduction of VIP immunoreactivity in the cerebral cortex especially in the insular and angulate cortex of 
25 Alzheimer's patients*^°\ However, it has never been determined whether this reduction was the cause or 
rather the result of the Alzheimer's deterioration of the cerebral cortex. 

According to the present Invention it has been found that VIP and analogues, derivatives and fragments 
thereof caused recovery of learning activities in an animal model of Alzheimer. 

Thus the present invention provides a pharmaceutical composition for the treatment of neurodegenera- 
30 tive diseases comprising as active ingredient a peptide selected from the group consisting of: 

(i) vasoactive intestinal peptide (VIP); 

(ii) analogues of vasoactive intestinal peptide (VIP) in which one or more amino acids has been replaced, 
added or deleted without substantially altering the biological properties of the parent peptide; 

(iii) a conjugate being a peptide according to either of (i) and (ii) coupled to a lipophilic moiety; 
35 (iv) a physiologically active fragment of (i), (ii) and (iii); and 

(v) a functional derivative of any of (i), Oi). 0") and (iv); 
optionally in combination with a pharmaceutically acceptable carrier. 

Said lipophilic moiety which is coupled to the VIP or the modified VIP of Formula I is preferably a 
saturated or unsatured radical such as hydrocarbyl or carboxylic acyl having at least 5 carbon atoms. The 
40 lipophilic moiety can be attached at either or both of the N-terminus and C-terminus of the peptide 
molecule. 

Preferably said analogue of VIP has the sequence of Formula I 

45 1 7 

His-Ser^-Asp-AIa-X^-Phc^Thr-Asp-Asn-Tyr-Thr-Arg-Leu-Arg (I) 
16 28 
50 -Lys-Gln-X^-Ala-X^-Lys-Lys-Tyr-Leu-Asn-Ser-ne-Leu-Asn 

wherein 

X" , and may be the same or different and each is a residue of a natural or non-natural lipophilic 
55 amino acid. 

Most preferably the activ ag nt of the pharmaceutical composition of th invention is selected from a 
peptide having th sequence of Formula II 
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1 7 
R'-Y'-His-Ser-Asp-Ala-X'-Phc-Thr-Asp-Asn-Tyr-Thr (11) 

16 

-Arg-Leu-Arg-Lys-Gln-X^-AIa-X^-Lys-Lys-Tyr-Leu-Asn 

28 

-Ser-Ue-Leu-Asn-NH-Y^-R^ 



wherein 

and may be the same or different and each is hydrogen, a saturated or unsaturated lipophitic 
group or a Ci-C« hydrocarbyt or carboxylic acyl with the proviso that at least one of R^ and R^ is a 
IS lipophilic group; 

and may be the same or different and each is -CHa* or is a bond in case the associated R^ or R^ 
is hydrogen and may further tye -CO; and 

X^. and may t>e the same or different and each is a residue of a natural or non-natural lipophilic 
amino acid; 

20 or a physiologically active fragment thereof or functional derivatives of said peptide of Formula 11 or a 

physiologicalty active fragment thereof. 

X^. X^ and >^ are preferably lipophitic amino acid residues represented by leucine, isoleucine. 

norleuctne, valirt^, tryptophan, phenylalanine, methionine. octahydroindote-2'<:arboxylic acid (oic), cyclo- 

hexylgiycine (chg) and cyclopentylglycine (cpg). 
25 Particularly preferred compositions according to the invention comprise peptides of Formula I or 11 

above in which is a norteucine residue, X"" and X^ are each valine. is -CO- and RMs a Cs - Ciz alkyi 

with Y^R^ t>eing, for example, stearoyi or caproyl. Y^ is a bond and R^ is hydrogen. 

Functional derivatives as described herein are compounds in which at least one of the non-terminal 

amino acid residues t^ears a functional group in a side chain, resulting in a biologically active substance. 
30 Examples of functional derivatives are glycosides, ethers, esters with both carboxyl and hydroxyl groups, 

amides, etc. 

Analogues of VIP as used herein are peptides in which one or more amino acids has been added, 
deleted or replaced by any means known in the art. The analogues of VIP which fall under the scope of the 
present invention are those which maintain the biological properties of native VIP as wilt be explained 
35 herein below. 

Physiologically active fragments of the invention as used herein are fragments of VIP. fragments of 
analogues of VIP and conjugates of a lipophilic moiety with VIP or with analogues or fragments thereof. 

The functional derivatives, physiologically active fragments and VtP analogues which fait under the 
scope of the invention are those which have the activity of protecting etectrically bkxked neurons from 
40 death, or of protecting untreated neurons in culture from naturally occurring death at concentrations which 
are essentially the same as or lower, as protective concentrations of native VIP, and/or which have the 
ability to enhance learning and memory acquisition when administered in vivo to animals in these 
concentrations. 

The fragments of VIP or of its analogues, are for example, fragments which have the sequence of 
4S amino acids in positions 7 to 28 or 16 to 28 of VIP or of the modified VIP of Formula I, or of the conjugate 
of Formula II. Examples of conjugates of VtP fragments according to the invention are as follows: St- 
VlPi8-28 (hereinafter "peptide fi") of the formula: St-A-V-K-K-Y-L-N-S-I-L-N; St-Thr«-VIP*-ii (hereinafter 
peptide 5T of the formula: St-A-V-T-T-O-N-Y-T; St-VIPt-t* (hereinafter "peptide 3") of the fonmula: St-H- 
S-I>A-V-F-T-D-N-Y-T-R-L-R; St-AIa^*. Ala^s, valine* VIP, 5 -37 (hereinafter ^peptide 2') of the formula: St- 
50 K-Q-M-A-V-K-K-Y-t-A-A-V-L; modified VIP fragments (hereinafter "peptide r) of the formula: St-H-S-O-G-I- 
F-T-D-S-Y-S-R-Y-R. 

The peptide chains of the peptide compounds of the compositions according to the invention are best 
prepared by solid phase synthesis^^^-^^' as known per $e and once these chains are assembled a terminal 
group R^V -and/or R^Y^-that is other than hydrogen, is attached thereto. 
55 When Y^ is a carbonyl group, i. . compounds with t rminal R*CO, th R^CO group may b introduced 
by conv ntional acylatton proc dures. 

In th pr paration of compounds for use in compositions according to th invention in which Y^ is -CH2- 
. i.e. compounds with t rminal R^-CHa-. the- R^-CH2 -radical may be introduced by first coupling with an 
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aldehyde R^CHsQ and then reducing the resulting R*-CH = N-grouptng by methods known per se. 
Compounds with terminal R^Chb-are obtained by cleaving the peptide with an amine of the formula R^^ 
CH2-NH2. 

The optional carriers of the pharmaceutical compositions of the invention can be any vehicle for 
s parenteral, oral, aerosol, nasal or ocular administration of drugs acting on ttie central nervous system. It is 
preferable to administer a composition according to the invention through the nose, which enables the 
penetration of the aerosol composition to the CNS through the olfactory nerve (WO 91/07947) or via the 
ocular route (Chiou. G.C.Y., (1991) Ann. Rev. Pharmacol. Toxical. 31:457-67) or by any other suitable 
method of administration as described in W,M. Pardridge. Peptide Drug Delivery, Raven Press, N,Y., 1991, 
10 The pharmaceutical compositions of the invention may be also directly targeted to the brain by an 
intercerebroventricular pump. 

The present invention further concerns a method of treatment of neurodegenerative diseases by 
administering to a host in need of such treatment a pharmaceutically effective amount of a peptide as 
defined in fi) - (v) above. 

75 The present invention still further concerns the use of a peptide as defined in (i) - (v) above for the 
preparation of a medicament for the breatment of neurodegenerative diseases. 

The following examples Illustrate the various aspects of ttie invention it being understood that the 
invention is not limited thereto. 

The following terms used hereinafter have the following connotations: 
20 VIP - Vasoactive intestinal agent; 
Sf-VKP -StearoyI VIP: 
A//©''- VIP - Norleucine'^-VIP; 
St-Nle^A/\P - StearoyI norteucine^'-VIP. 

25 BRIEF DESCRIPTION OF DRAWINGS 

For better understanding the invention wilt be descril^ed hereinafter, by way of example only, with 
reference to the annexed drawings in which: 

Fig. 1 shows tiie effect of varying concentration of VIP (O ) St-Nle^^-VIP ( ■). Nle'^-VIP (■) and St-VIP 
30 (•) on the survival of electrically blocked neurons; 

Rg. 2 shows the effect of various concentrations of peptide 1 on the survival of untreated neurons; 

Rg. 3 shows the effect of various concentrations of peptide 2 on ttie survival of untreated neurons; 

Rg. 4 shows ttie effect of various concentrations of peptide 6 on the survival of untreated neurons; 

Rgs. 5 A-B show the effect of various concentrations of peptide 5 on the survival of neurons treated with 
35 a VIP antagonist (Fig. 5A) and untreated neurons (Fig. 5B); 

Rg. 6 shows the effect of various concentrations of St-Nle^'-VIP on the survival of neurons treated with 

fragment 25-35 of /3-Amytoid peptide; 

Rgs. 7 A-B show ttie affinity of St-Nle^'-VIP (Ftg. 7A) and St-VIP (Rg. 78) to the VIP receptor; 
Rg. 8 shows learning and memory studies in control animals (O ). animals injected with cholinergic 
40 blockers (□) and animals injected with cholinergic blockers and St-Nle^^-VIP (•); 

Rg. 9 shows learning and memory studies in animals injected with cholinergic blocker (□) and animals 
injected with cholinergic blockers and treated by nasal administration with St-Nle^^-VlP (•). or with 
peptide 6(0 ); and 

Rg. 10 shows learning and memory studies in untreated old animals (o) and old animals treated with St- 
45 Nle^'-VIP (■). 

The following non-limiting examples illustrate the invention. 

EXAMPLE 1: Synthesis of stearayl-Nla^'-VIP 

60 In an alternative method, synthesis of St-Nle^'-VIP was performed as follows: 

The peptide chain was assembled manually in a mechanical shaker according to the general principles 
of the solid-phase methodology of Merrifield on a 4-(2',4*-dimethoxyphenyl-aminomethyl)-phenoxy resin, 
purchased from Nova, Switzeriand. All solvents: methylene chloride (CH2CI2), N-methyipyrrolidone (NMP), 
and dimethyl fonnamide (DMF) were analytical products of Merck, Germany. Trifluoroacetic acid (TFA), 

55 diisopropylethylamin (DIEA) and N.N'-dlcycloh xylcarbodiimide (DCC) wer purchased from Aldrich, 
U.S.A. 1 -Hydroxy t>enzotriazol (HOBT) was obtained from Nova, Switzerland. All protected amino acid 
derivativ s (FMOC-AA) were of the L-configuration and were obtained from Bachem. Switzerland. hT-amino 
acid functions were protected throughout the synth sis by the fluorenylmethoxycarbonyl (FMOC) group. 
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10 



Side chain functions were protected as follows: Ser. Asp. Thr with t-butyl; Lys with t-butytoxycarbonyl; His 
with benzyloxymethyl (BOM); and Arg with n\ethoxytrimethytphenylsuHbnyl (Mtr). 

The synthesis was initiated by removal of the FMOC-group, from the commercial polymer: 4-(2\4*- 
dfmethoxyphanyl-R4OC'amtnoethy0-phenoxy rosin (0.47 mmoJ of amino group/g). according to steps 1 and 
2 (see protocol). lOg of polymer, contained in 2 reaction vessels, were employed. The volume of solvents 
used was 20-25 ml in each vessel. Assembly of the peptide chain was initiated by coupling FMOC-Asn 
(0,92g, 4 mmol) to the resin (5g) using DCC (0.a4g, 4 mmol) and HOBT (0.55g. 4 mmol) as agents. The 
coupling was repeated. Loading (0.39 mmol/g) was determined by amino acid analysis. Unreacted residual 
amino groups on the polymer were capped by reacting with acetic anhydride (10%) and 
diisopropylethylamine (5%) in ChbCb. The peptide chain assembly was started from the FMOC>Asn- resin, 
foflowing the protocol outlined in Table 2. 



TABLE 2 



75 



20 



26 



30 



35 



40 



Solid Phase Peptide Synthesis 


Step 


Reagents 


min. 


1 


10% piperidine/DMF 


5 


2 


20% piperidine/DMF 


15 


3 


OMR 


2 


4 


OMR 


2 


5 


DMF 


2 


6 


CH2CI2 


2 


7 


CH2Ck 


2 


8 


NMP 


2 


9 


Ninhydrin test 




10 


FMOC-amino acid/HOBT/DCC (molar ratio 1:1:1 in NMP preactivation) 




11 


OMF 


2X2 


12 


CHaCb 


2 


13 


CHzCh 


2 


14 


CHjCIa 


2 


15 


Ninhydrin test 




16 


10% AC2O + 5% DIEA in CH2Ct2 


3 


17 


10% AC2O in CHaCfc 


5 


18 


CH2CI2 


2 


19 


CH2 CI2 


2 


20 


CH2CI2 


2 


21 


OMF 


2 



Solvents for all washings and reactions were measured to volumes of 10 ml/g resin, except for coupling 
45 (step 10) when volumes of about 5 mi/g resin were employed. All couplings were performed using HOBT 
active esters of FMOC-amtno acid derivatives, prepared by DCC prior to each coupling step. A molar ratio 
of 2:1 of FMOC-amino acid 1 -hydroxybenzotriazole ester (FMOC-AA-OBT) and a-amino group of growing 
peptide chain, respectively, was employed for couplings. Coupling reactions were monitored by boiling a 
few mg (about 3) of polymer in a solution of ninhydrin in pyridine-water for. 2 min. Coupling of FMCX>amino 
so aMs was repeated twice or more to ensure complete reaction. In the second, and when necessary other, 
couplings, half of the amount of FMOC-AA-OBT was used. Proceeding steps, aimed at addition of the next 
amino acid were initiated only after a negative ninhydrin test (step 15; see protocol). As a rule, after 
completion of each coupling step, residual amine groups were capped by treating the resin with acetic 
anhydride (10%) and diisopropylethylamine (6%) in methylene chloride. 
55 Following compi tion of the peptid chain assembly, th FMOC protecting group of His was removed, 
as usual, by piperidine in DMF and the newly free a-amino group was coupled (in each r action vessel) to 
stearic acid (1.1 4g, 4 mmol) using DCC (0.84g. 4 mmol) and HOBT (0.54g, 4 mmol) as r ag nts. Th 
reaction proceeded for 120 min and was repeated twice. The resin containing the fully assembled peptide- 
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chain was washed with CH2CI2 according to protocol, and then dried under vacuum overnight, over p205. 
Deblocking of protecting groups and cleavage of the peptide from resin was achieved as follows: lg of 
dried resin was placed in a 100 cc flask to which thioanisote (2 ml) and ethanedithiol (2 ml) were added. 
The mixture was cooled to 4*C in an ice bath and 20 ml of trifluoroacetic acid added, and 5 min later 
6 trtfluoromethanesulfbnic acid (2 ml) was also added. The mixture was gently stirred at room temperature for 
50 min. 

The reaction mixture was then cooled to 4 • C and poured into 500 mi of dry ether. After stirring for 60 
min at 4 * C, the solid material (resin and peptide) was filtered on a scinter funnel, washed with dry ether, 
dried and then extracted with 50% aqueous acetic acid (100 ml). The solution obtained, containing the 

70 peptide, was concentrated in high vacuum and the residue (about 15 mi) was directly loaded on a 
Sephadex G25 column (45 x 6 cm). The column was eluted with 0.1N acetic acid at a flow rate of 45 ml/1 
hr. Elution was monitored at 274 nm. Lyophilization of the aqueous solution, containing the desired fraction, 
yielded the peptide free of the aromatic additives added as scavengers at the acidoiytic cleavage step. 
Yield was at>out 400 mg of a white powder. 

IS The material showed the required amino actd content and ratio as revealed by amino acid analysis 
following exhaustive acid hydrolysis. 

Further purification by high performance liquid chromatography (HPtC) was carried out on the 
Sephadex-fractionated products. It can be performed, however, on the crude peptide. Purifications were 
achieved on Merck HP-Q column (7uM. 250x25 mm column). The peptide was applied in 35% acetonitrile 

20 in water and eluted with a linear gradient established between 35% acetonitrile and 0.1% TFA in water and 
0.1% TFA in 75% acetonitrile in water at a flow rate of 10 ml/min. Fractions were collected and cuts made 
after inspection by analytical HPLC. Derived fractions were pooled and lyophilized. Yield of the pure peptide 
was 30-35%. 

25 EXAMPLE 2 - Preparation of R^-CHz-Nle^^-VIP derivatives 

The peptide chain is assembled on the polymeric support, methyl benzhydryl amine resin (MBHA) 
(Nova, Swftzeriand), (containing 0.39 mmol Asn/lgr) as described in Example 1. After incorporation of the 
last amino acid residue (histidine) the N-a-protecting group (t-6oc) is removed by TFA, the polymer is 

30 treated with DIEA, washed and ninhydrin tested. The polymer is then suspended in ethyl alcohol (lgr/10 ml) 
and the corresponding aldehyde R'-CH = O is added (3-4 equivalents of aldehyde to 1 equivalent of free N- 
terminal amino group) and the mixture is gently agitated overnight at room temperature. The polymer is 
filtered, washed with ethanol (3 x 10 ml), resuspended in ethanol and NaBKU (3-4 equivalents of reducing 
agent to 1 equivalent of Schiff base; R*-CH = N-His* • •-) and the mixture is gently agitated for 2hr at room 

35 temperature. Alternatively. NaBHaCN (3-4 equivalents to 1 equivalent of Schiff base) can be employed (in 
the presence of 0.1-0.2 ml of acetic acid). Condensation and reduction reactions can also be performed in 
other organic solvents, such as DMF or NMP. Following completion of reduction, the polymer is filtered, 
washed and dried, and treated with HF as described for stearoyl-Nle^^-VlP. The crude product is purified in 
tine same manner as described in Example 1 , to afford the desired final products. 

40 

EXAMPLE 3 - Preparation of R«-Y«-NH-Nle*7-VIP*NH-n> 

The first amino acid. Boc-Asn, was attached to 1% crosslinked chloromethylated polystyrene 
(Chematog. South Plainfrekl. N.J.. U.SA.) as follows: triethylamine (4.75 mmol; 0.66 ml) was added to the 

46 amino acid derivative (5 mmole; 1.16 gr) in absolute ethanol (35 ml), and the mixture was allowed to stand 
for 5 min at room temperature. The polymer (5 gr) was then added and the mixture was gentiy refluxed for 
60 h at 78* C. Alternatively, 5 mmol of Boc-Asn was dissolved in a mixture of EtOH (12 ml) and water (3 
ml), and the pH adjusted to 7.5 with a 20% aqueous solution of CsaCOa. The solution was flash evaporated 
three times with benzene and the residue dried over P205 in a dessicator for 5h. OMF (30 ml) was then 

60 added to dissoh^e the material* followed by 5 gr of polymer and the mixture was stirred for 36h at 50 * C. 
Loading (0.4 mmol/gr) was determined by amino acid analysis. 

Peptide chain assembly was performed as in Example 1. However, Boc-Asp (/3-cyciohexyl ester) was 
used instead of Boc-Asp (i3-benzyl ester). The cyclohexyl group is stable toward aminolysis. On completion 
of the desired peptide chain assembly, the polymer is washed and dried as above. The product is then 

55 SUSP nded in absolute ethanol, or a 1:1 v/v mixtur of EtOH. and DMF (1 gr/10 ml) and the corr spending 
amine (R"-NH2; 20 mmol) is then added and the mixtur is gently stirred at room t mperatur for 48h. TLC. 
using the solvent syst m N-butanol : ac tic acid : H2O; pyridin (15 : 3 : 12 : 10 v/v), r v aled th 
appearanc of a product which was detached from the polymeric support. The polymer was extracted with 
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dthanol (3 x 10 ml), DMF (3x10 ml) and the solvents were evaporated in high vacuum and the oily, semi- 
solid, residue was then treated, as above, with HF to remove side-chain protecting groups. The crud 
products were purified in the same manner and comparative yields as described for stearoyl-Nle^'-VIP, to 
afford the desired final products. 

5 

EXAMPLE 4 Biological tests - effect of VIP and VIP analogues on the survival of electrically 
bl eked ceils 

Method 

10 

(a) Mouse spinal cord neurons obtained from 12 day old embryos were cultured as described 
previously^^^^ The neurons were plated in 10% horse serum 10% fetal calf serum in minimum essential 
medium eagle (MEM). Medium was changed to 5% horse serum supplemented mth nutrients after a 
day. Nine days after plating, cultures were given a complete change of medium. All cultures were treated 

75 with 1 U.M tetrodotoxin (TTX). which is a blocker of electrk:al activity in neurons, and then divided into 
four groups. Group 1 was traatad with varying concentrations of VIP. group 2 was treated with varying 
concentrations of Nle^^-VIP, group 3 was treated with varying concentrations of St-VIP, and group 4 was 
treated with varying amounts of St-Nle^^*VIP. The cultures were treated with VIP or its analogues from 
day 9 to day 14 and then fixed tor immunocytochemistry for neuron specific enolase (NSE), which is a 

20 marker of viable neurons. The cells were counted on 100 fields with total area of 50 mm^ in a blind test, 
without knowledge of treatment. 

Results 

25 (b) The results are shown in Rg. 1. As can be seen In F!g. 1. all active agents of the pharmaceutical 
compositions of the invention tested protected electrically blocked cells from death to a certain degree, 
St-VIP and Nle'^-VIP being about 10 fold more potent than native VIP and St-Nle^'-VIP being about 100 
fold more potent than native VIP, Both active agents with the hydrophobic moiety (St-VIP and St-NIe^'- 
VI P) caused also broadening of the peak of active concentrations. 
30 The aix>ve results signify that the active agents of the invention are very potent protectors of electrically 
blocked neurons and thus can serve to decrease neuronal death and subsequent failing in cognitive 
abilities. 

EXAMPLE S Biological test • effects of peptides 1, 2 and 3 on survival of neurons 
Method 

(a) Cerebral cortical cultures were prepared by a slight modification of the techniques described by 
Forsythe and Westbrook. (J. Physiol. Lend. 396: 515 (1988)), in which cerebral cortex was used instead of 

40 hippocampus aruj newborn rats ¥rere utilized instead of El 6 mice. After nine days growth in vitro, the 
cultures were given a compfete change of medium and treated with serial dilutions of either peptide 1 , 2 
or 6 in order to determine whether these peptides were effective in protecting neurons from naturally 
occurring death. Cerebral cortical ceils were counted as above, however, only 40 fields per plate were 
counted comprising an area of 20 mm^. 

45 

Results 

(b) As can be seen in Rg. 2. peptide 1 was able to protect ceils from naturally occunring death at 
concentrations above 10"*" M (the number of ceils at 10*^^ M serves as control). Fig. 3 shows that 

so peptide 2 was able to protect cells from death at concentrations above 10~^ M and Rg. 4 shows that 
peptide 6 was able to protect cells from natural occurring death at all concentrations tested beginning at 
10-^^ M. 

The above results indicate that the active agents of the invention, can protect neurons not only from 
death caused by electric blockage but also from naturally occurring death. 

55 
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EXAMPLE 6 Biological tests - effects of peptide 5 on survival of untreated neurons and neurons 
treated with a VIP antag nist 

Method 

5 

(a) Cells war© prepared as described in Example 5. After nine days growth in vitro, the cultures were 
given a complete change of medium and treated with serial dilutions of peptide 5 in the presence and in 
the absence of 10"^ M of a VIP antagonist described in detail in U.S. 5.217,953. One treatment was 
given at the beginning of a five day test period. Cell counts were performed on 100 fields, with a total 
10 area of 50 mm^. Neurons were counted without knowfedge of treatment 

Results 

(a) As can be seen In Fig. 5, peptide 5 is a VIP agonist, stimulating neuronal sun/ival in the presence 
IS (Fig. 5A) and in the absence <Rg. 56) of the VIP antagonist indicating that peptide 5 can protect neurons 
from naturally occurring death. It should be noted that in the presence of the VIP antagonist the maximal 
activity is obtained at 10'^^ M, while in absence of ttie VIP antagonist the maximal activity is seen at 
10"^ M, suggesting that the VIP antagonist renders the system more sensitive and enables peptide 5 to 
exert its protective effects at lower concentrations. 

20 

EXAMPL£ 7 Biological tests - effects of St*Nle*^-VIP on survival of neurons treated with fragment 
25-35 of ^-amyloid peptide 

Method 

28 

j3-amyloid peptide is known to be involved in Alzheimer's disease and is a toxic substance to neurons 
grown In culture (Pike ef aA, J, of Neurosci., 13(4), 1676-1687 (1993)). Neurons from rat cerebral cortex, 
prepared as described atx^ve were treated with 25 uM of i3-amyloid peptide fragment comprising amino 
acids in positions 25 to 35 mentioned In the atx)ve publication. The ^-amyloid peptide fragment was 
3Q dissolved in water and preincubated at 37' C for 48 h in 10% CO2. St-Nle'^-VIP (10 <xl/1 ml medium) was 
added to the culture plates at varying concentrations together with the 3-amyloid peptide fragment The St- 
Nle^^-VIP was initially dissolved in DMSO to give a concentration of 10~^ M and all further dilutions were 
performed in saline. Cells were then incubated for 5 days, stained with antibodies against neuron specific 
enolase and living neurons were counted as described above. 

Results 

25 iiM of fragment 25-35 of ^-amyloid peptide alone reduced the number of living neurons to 42 per 20 
mm^. As can be seen in Rg. 6, St-Nte^'-VIP was able to protect neurons from the toxic effect of i3-amyloid 
40 peptide fragment at ail concentrations tested, the most effective protective concentrations of St-Nle^^-VIP 
being 10~^^ M while higher concentrations showed a lower protective effect 

These results indicate that the active agents of the invention can protect neurons from death caused by 
/9-amyloid peptide that is involved in Alzheimer's disease neurodegenerative process. 

45 EXAMPLE 8 Biological test - affinity studies 

Method 

(a) Cerebral cortical astrocytes were obtained and cultured as described befbre^^**^^. Binding studies 
so were performed on intact cells, 5-7 days after replating at 4*C in phosphate buffered saline containing 
0.1% bovine serum albumin. Ceils were divided into two groups. Group 1 was incubated with varying 
concentrations of St- VIP and Group 2 was incubated with varying concentrations of St-Nle^'-VlP. After 30 
min. incubation with the VIP analogue. 50 pM of ^zsi.yjpo^) ^^35 a^^jed and incubated for an hour. The 
media was then removed and cells were washed three times by rapid addition and removal of 1 ml 
55 phosphate buff red saline at 4 • C. The iab led c lis were th n dissolved in 0.2 N NaOH and transf rred 
for radioactivity counting by an automatic gamma counter (Wallac 1470 Wizard). 
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Results 

(b) The affinity results are shown in Rgs. 2(A) and 2(B). As can be seen at the zone of low concentration 
(high affinity) St-Nle*''-VIP displaced radiolabeled VIP at concentrations which were 10 fold smaller (Hg. 
s 2(A)) than that of Sl-VIP (Fig. 2(B)). that is St-Nle^'-VIP has 10 fold higher affinity. At high concentration 
zone (low affinity zone) St-Nle^'-VIP has also a 10 fold higher affinity than St-VIP. The affinity of Sl- 
Nie^'-VIP to the high affinity receptor is about 100 fold higher than that of VtP*^^^ 

EXAMPLE 9 Biological test - effects of St-Nie^^-ViP on learning and memory in animal models of 
70 Alzheimer 

Method 

(a) Preparation of animal models of Alztieimer - I.C.V. drug administration 

75 

13 male rats were injected intracerebroventricularly (I.C.V.) at a rate of 0.21 ul/min, using plastic tubing 
(PE-20) attached to 25G needle. 5 rats serving as control received an injection of saline (2 ul/stde), 8 other 
animals received injections of ethylcholine azirrdium (AF64A) (3 nmol/2ul^srde), AF64A is an inducer of 
cholinergic hypofuncttons which mimics some of the cholinergic hypofunction reported in Alzheimer's 

20 disease and is used for preparing animal models of Alzheimer^. 

Animals were cannulated following injection to allow I.C.V. drug application and left to recover for a 
week. Learning and memory tests were conducted using the swim maze test The 8 animals injected with 
AF64A were divided into two equal groups and were thereafter injected daily with either saline or 100 ng 
I.C.V. of St~Nle^'-VIP. The five control rats (see above) were injected with saline. Following seven injection 

2s days, behavioral assays were conducted for an additional 14 days on both control and test animals. 

(b) Preparation of animal models of Alztieimer^nasal drug administration 

8 male rats were all treated with AF64A as described above. 10 days after AF64A administration 5 
30 animals received daily nasal administration of St-Nle^^-VIP dissolved in 10% sefsol and 40% isopropanol at 
a concentration of 70ixg/40ul (20 u.1 administered through each nostril). 3 animals received daily nasal 
administration of 50ug/40ul of peptide 6. (20ul/nostriJ) dissolved in 10% sefsol and 40% isopropanol. 6 
control animals received daily nasal administration of 10% sefsol and 40% isopropanol at an amount of 40 
ul/'day (20al nostril). The animals were partially anesthetized try diethylether prior to nasal administration. 
OS Both control and test animals were daily treated with 50.000 units of durabiotic antibiotics to avoid infection. 
Following 7 days of nasal administration behavioral tests were conducted on both control and test animals 
for an additional 8 days. 

Test procedure 

40 

Rats were placed in a circular pool. 1.26 m in diameter, 0.2 m deep, equipped with a clear plexiglas 
column, with a 1 3.3 cm platform reaching just below the surface of the water (22-24 * C). Drugs were applied 
daily either by injection 4 hours prior to testing or by nasal administration 1 hour prior to testing. The 
latency of reaching the platform was recorded for each rat (in seconds) and the changes over days of 
45 training were graphed, which reflect learning and memory. 

Results 

(a) I.CV. Iniected animals 

As can be seen in Fig. 8. animals injected with cholinergic blockers (Q) showed a smaller improvement 
in the latency of reaching the platform over time, which indicated a mariced decrease in learning and 
memory as compared to control animals (O ). Animals which were injected both with cholinergic blockers 
and with St-Nle^^-VlP (•) showed recovery of the learning and memory abilities, essentially similar to that 
of control animals (O ). 

Th above results cl ariy demonstrate that the agents of th invention ar ffective in the recov ry of 
learning and memory ability caused by hypofunction of cholinergic neurons, which is a similar condition as 
appears in Alzheimer. 
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(b) Nasal administered animals 

As can be seen in Fig. 9, control animals (o) show smaller improvement in the latency of reaching the 
platform {ndicative of a decrease in learning and memory as compared to animals treated with both 
5 cholinergic blockers and St-Nle''-VlP (•) or with chotinergic blockers and peptide 6 (O ). 

These results clearly indicate that the agents of the invention are also effective when administered by 
nasal administration. 

EXAMPLE 10 Biological test - effects of St-Nle^^-VIP on learning and memory In old animals 

70 

Method 

6 male rats aged 18-20 months were divided into two groups. Group 1 received daiiy nasal administra- 
tions of St-Nle''-VIP dissolved in 10% sefsol at 40% isopropanoi at a concentration of 40 ul/day (20 
75 til/nostril). Control animals were treated with daily nasal administration of 40 ul/day of 10% sefsol and 40% 
isopropanoi (20 al/nostril). The administration was carried out after partial anesthetization by diethylether. 
Animals were thus treated for 7-19 days and then were tested by placing them in a water pool as described 
above. 

20 Results 

As can be seen in Fig. 10, old animals treated with St-Nle^'^-VIP (■) showed a greater improvement in 
the latency of reaching the platform over time as compared to control untreated animals (•), indicating an 
increase in teaming and memory capacities. These results clearly indtoate tiiat tiie agents of the invention 
25 are not only effective in the recovery of learning and memory ability due to pathoksgical conditions such as 
Alzheimer but also due to normal physiological aging. 
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SEQUENCE LISTING 



(1) GENEPAXi INFORMATION: 

(i) APPLICANT: 

(A) NAME: Yeda Research and Development Company Ltd* 

(B) STREET: P.O. Box 95 

(C) CITY: REHOVOT 

(E) COUNTRY: Israel 

(F) POSTAL CODE (ZIP) : 76100 

(A) NAME: Ramot ani. Authority for Applied Research & 

Tnd. Devel. Ltd, 

(B) STREET: 32 Halm Levanon St. 

(C) CITY: Ramat-Aviv, Tel-Aviv 

(E) COXJNTRY: Israel 

(F) POSTAL CODE (ZIP): 69975 



(ii) TITLE OF INVENTION: Use of VIP, Analogues and Fragments Thereof 
for the Treatment of Neurodegenerative Diseases 

20 (iii) NUMBER OF SEQUENCES: 7 



(iv) COMPUTER READABLE FORM; 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS -DOS 

25 (D) SOFTWARE: Patentin Release #1.0^ Version #1.25 (EPO) 

(v) CURRENT APPLICATION DATA: 

APPLICATION NUMBER: EP 94 10 3479.5 



(2) INFORMATION FOR SEQ ID NO: 1: 

30 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

35 

(ii) MOLECULE TYPE: peptide 



^ (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 

His Ser Asp Ala Xaa Phe Thr Asp Asn Tyr Thr Arg Leu Arg Lys Gin 
15 10 IS 

Xaa Ala Xaa Lys Lys Tyr Leu Asn Ser lie Leu Asn 

46 20 25 



SO 



55 
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10 



IS 



20 



30 



35 



SO 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOUHSY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Xaa Xaa His Ser Asp Ala Xaa Phe Thr Asp Asn Tyr Thr Arg Leu Arg 
15 10 IS 

Lys Gin Xaa Ala Xaa Lys Lys Tyr Leu Asn Ser lie Leu Asn Xaa Xaa 

20 2S 30 



(2) INFORMATION FOR SEQ ID NO: 3: 



<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 11 amino acids 

(B) TYPE: amino acid 

^ (C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Ala Val Lys Lys Tyr Leu Asn Ser lie Leu Asn 
15 10 

(2) INFORMATION FOR SEQ ID NO: 4: 



(i) SEQUENCE CHARACTERISTICS: 
(A) IiENGTK: 8 amino acids 
40 (B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

46 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 



Ala Val Thr Thr Asp Asn Tyr Thr 
1 5 



55 
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(2) INFORMATIOK FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg 

r 5 10 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Lys Gin Met Ala Val Lys Lys Tyr Leu Ala Ala Val Leu 
15 10 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

His Ser Asp Gly lie Phe Thr Asp Ser Tyr Ser Arg Tyr Arg 
15 10 



Claims 

1. Us of a peptid selected from the group consisting of: 
(i) vasoactive intestinal peptide (VIP); 
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(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

His Ser Asp Ala Val Phe Thr Asp Asn Tyr Thr Arg Leu Arg 
15 10 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 13 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



30 



3d 



40 



45 



50 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Lys Gin Met Ala Val Lys Lys Tyr Leu Ala Ala Val Leu 
15 10 

(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 14 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

His Ser Asp Gly lie Phe Thr Asp Ser Tyr Ser Arg Tyr Arg 
1 5 10 



Claims 

55 

1. Us of a peptid selected from th group consisting of: 
(i) vas activ intestinal peptid (VIP); 
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(ii) analogues of vasoactive intestinal peptide (VIP) in which one or more amino acids has been 
replaced* added or deleted without substantially altering the biological properties of the parent 
peptide; 

(iii) a conjugate being a peptide according to either of (i) and (ii) coupled to a lipophilic moiety; 

(iv) a physiologically active fragment of (i). (ii) and (\\\)\ and 

(v) a functional derivative of any of (i), (ii). (iii) and (iv) for the preparation of a medicament for the 
treatment of neurodegenerative disease. 

Use according to Claim 1 in which the active ingredient is an analogue of VIP having the sequence of 
Formula ) 

1 7 

His-Ser-Asp-Ala-X^-Phe-Thr-A^Asii--Tyr--Thr--Arg-Leu-Arg (I) 

16 28 
-Lys-Gln-X^-Ala-X^-Lys-Lys-Tyr-Leu-Asn-Ser-Ilc-Leu-Asn 

wherein X^, and may be the same or different and each is a residue of a natural or non-natural 
lipophilic amino acid. 

Use according to Claim 2, wherein X^. and are the same or different and each is selected from 
the group consisting of leucine, isoleucirte, norleucine. valine, tryptophan, phenylalanine, methionine. 
octahydroindole-2-cartx>xylic acid (oic). cyclo*hexylglycine (chg) and cyclopentytglycine (cpg). 

Use according to Claim 1, wherein the peptide Is a conjugate of VIP or of an analogue, functional 
derivative or fragment thereof coupled to a tipophilic moiety at either or both of the N-terminus and C- 
terminus, wherein said lipophilic moiety is a saturated or unsaturated hydrocarbyl or carboxylic acyi 
radical having at least 5 cart>on atoms. 

Use according to Claim 1 , wherein the peptide has the sequence of Formula U 

1 7 
R*-Y^-ffis-Ser-Asp-Ala-X'-Phe-Thr-Asp-Asn-Tyr-Thr (IT) 

16 

-Arg-Leu-Arg-Lys-Gln-X*-Ala-X*-Lys-Lys-TyT-Lett-Asii 

28 

-Ser-Uc-Utt-Asn-NH-Y^-R* 

wherein 

and may be the same or different and each is hydrogen, a lipophilic moiety being a 
saturated or unsaturated hydrocarbyl or cartx)xylic acyl hving at least 5 cart>on atoms, or R^ and 
may be the same or different and each is a Ci -C4 hydrocarbyl or cart>oxylic acyl with the proviso that 
at least one of and R^ is a Ci *C« hydrocarbyl or carboxylic acyl with the proviso that at least one of 
R* and R^ is a lipophilic group; 

and may be the same or different and each is •CH2 or is a bond in case the associated R^ or 
R^ is hydrogen and Y* may further be -CO; and 

X^. X^ and )^ may be the same or different and each is a residue of a natural or non-natural 
lipophilic amino acid; 

or a physiologically activ fragment th reof; and 

functional derivatives of said peptide of Formula II or of physiologically activ fragm nts ther of. 
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6. Use according to Claim 5, wherein X\ and are the sanne or different and each is selected from 
the group consisting of Jeucine. isoJeucine, norieuc'me, valine, tryptophan, phenylalanine, methionine, 
octahydroindole-2H:artX3xyHc acid (oic). cyclo-hexy (glycine (chg) and cyclopentylglycine (cpg)> 

5 7. Use according to Claim 3 or 6, wherein is leucine or norleucine X^ and X^ are valine. 

8. Use according to Claim 5. wherein X^ is neuroleucine. X^ and X^ are valine, is -CO-. is a lipophilic 
group and R^-Y^ is hydrogen. 

10 9. Use according to Claim 6, wherein R^ is a C) 7 alkyl. 

10. Use according to Qaim 1, wherein at least one of the amino acid residues in position 2 to 27 of a 
peptide of any of groups (i) to (rv) bears a functional group. 

IS 11. Use according to Claim 1. wherein the physiologically active fragment has amino acids in posiiton 7 to 
28 or 16 to 28 of VIP or of an analogue of VIP. 

12. Use according to Claim 1 . wherein tiie peptide is stearoylnorleucine^^-VlP. 

20 13. Use according to Claim 1, wherein the peptide is caproylnorleucine^^-VIP. 

14. Use according to Claim 1 for the treatment of dementia, 

15. Use according to Claim 14 for the treatment of Alzheimer caused dementia. 

25 
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